###### What is already known?

-   Whiplash injuries and associated disorders, if not treated and managed, can cause chronic pain, suffering, disability and healthcare utilisation.

-   There is no standardised protocol for rehabilitation or treatment of patients with whiplash-associated disorder (WAD).

-   The Quebec Task Force report remains the most ambitious and comprehensive review of the management of whiplash, to date. However, this report finds the available evidence to be sparse and of poor quality.

###### What are the new findings?

-   Literature shows that cervical spine exercise, including strengthening, endurance and stretching, shows benefit to patients with chronic WAD.

-   The benefit of invasive treatments, such as surgery or pharmaceuticals, is inconclusive in the current literature.

-   There is a need for further studies directed towards the optimal type, protocol and duration of a cervical spine exercise programme for patients with WAD.

Introduction {#s1}
============

Whiplash injuries are estimated to affect 3.8/1000 people per year in the USA.[@R1] Sports, falls, automobile collisions and other physical trauma can cause a whiplash injury.[@R2] Whiplash injuries and associated disorders, if not treated and managed, can cause chronic pain, suffering, disability and healthcare utilisation.[@R3] Whiplash injuries and the associated medical care, disability, sick leave and lost work productivity account for \$3.9 billion annually in the USA.[@R4] It has been concluded that 14%--42% of patients with whiplash injury report symptoms 6 months postinjury, and 10% of those patients have constant severe pain.[@R6]

Whiplash injuries result from a forceful, rapid, back and forth movement of the neck. The Quebec Task Force (QTF) developed recommendations regarding the classification and treatment of whiplash, and defined whiplash as an acceleration- deceleration mechanism of energy transfer to the neck and head from indirect neck trauma.[@R1] Whiplash symptoms can occur immediately postinjury, but can have delayed onset. The impact that causes whiplash may result in bony or soft tissue injuries, which in turn may lead to a variety of clinical presentations and manifestations.[@R9]

The term whiplash-associated disorder (WAD), is used to describe the clinical presentation of a whiplash injury, and to separate it from the injury mechanism.[@R8] WADs represent a class of clinical complaints associated with a whiplash injury, and are characterised by multiple physical complaints after a flexion-extension trauma to the neck. Such complaints can include, but are not limited to, headache, dizziness, neck pain and cognitive symptoms.[@R10] Neck or cervical spine pain is the leading symptom of WAD, and is addressed by almost all published studies examining the diagnosis and treatment associated with such an injury.[@R11] WAD symptoms likely result from cervical ligament sprain or cervical muscle strain. Fractures to the cervical vertebrae are not included in WAD, although they can occur as a result of whiplash. Typically, symptoms of WAD should resolve in the first 2--3 months postinjury.[@R12] However, recent research suggests that approximately 60% of patients with whiplash injury are still reporting symptoms 3 months postinjury.[@R7] Patients remaining symptomatic for more than 3 months postinjury are considered to have chronic WAD, and present a challenging condition to treat for healthcare professionals.[@R13]

WAD is difficult to treat, and often requires an interdisciplinary approach, including medical professionals, rehabilitation professionals and psychology professionals.[@R14] Interventions have to address physical complaints such as neck pain, and a cluster of physiological, cognitive and emotional symptoms that may result from WAD.[@R3] Due to the complexity of WAD, and the need for different interventions, WAD greatly impacts an individual's quality of life. Current treatment guidelines and protocols for healthcare professionals working with individuals with WAD, are vague, and have little supporting evidence.

In 1995, QTF published its guidelines for the management of WADs that aimed to offer a recommendation to treatment and management for WADs.[@R8] While determining and performing an in-depth analysis of clinical, public health and financial determinates of whiplash, QTF[@R8] reviewed 10 000 publications to determine diagnosis, treatment and prognosis of WADs.[@R15] Through this process, the available evidence was found to be sparse and of poor quality.[@R16] QTF based their recommendations for WAD treatment on consensus and the expert knowledge of QTF members from various clinical fields. This report remains the most ambitious and comprehensive review of the management of whiplash, to date. However, the review by QTF (1995) does not include any studies investigating the effect of electrical stimulation, modalities, surgery, exercise, nerve blocks, psychological interventions or acupuncture.[@R9] All of these possible interventions may have a role in WAD treatment, and have been further investigated post-QTF guidelines. Conlin *et al* [@R16] published a systematic review of the whiplash intervention literature (included studies from 1993 to 2003), and noted that despite QTF's recommendations, 'remarkably little quality research' (Conlin, p39)[@R16] had been published in the area of whiplash treatment and management. Conlin *et al* [@R16] determined the need for further research in the area of chronic whiplash management. The finding in the QTF report, as well as the subsequent available literature on WAD treatment continues to be inconsistent and inconclusive, and does not offer a specific treatment or rehabilitation model for WADs. Rather, the best available literature varies in scope, profession and approach to the management of WAD in adults. The literature requires further research exploration prior to implementation into evidence-based clinical practice guidelines (moving beyond clinical experience and consensus). The purpose of this narrative review is to examine the literature to determine the effect of different cervical spine interventions in adults with chronic WAD.

Materials and methods {#s2}
=====================

This narrative review uses the Arksey and O'Malley[@R17] methodological framework. A narrative review refers to a rapid gathering of literature in a given clinical area with the objective of gathering as much evidence as possible and mapping the results.[@R17] Thus, a narrative review is appropriate for this topic, as the goal was to summarise the current state of the literature as it relates to the proposed research question. This narrative review aimed to address the research question: *What are current cervical spine treatment techniques for adults with chronic WAD.* The purpose of this narrative review was not to assess the quality of the intervention studies included (which would be more appropriate in a systematic review), but rather to encapsulate the current literature on cervical spine interventions for adults with a chronic WAD. Furthermore, if applicable, included studies were assessed for statistical significance and for clinical significance.[@R22] linical significance answers the question, 'how effective is the intervention or treatment, or how much change does the treatment cause?'.[@R18] Four of the 14 included studies, commented on clinical significance. The authors of each study reporting clinical significance determined these values for clinically important changes, and therefore there is some subjectivity.[@R21] A narrative study typical unfolds in a five-step process.

Step 1: identify the research question {#s2a}
--------------------------------------

The aim of this narrative review was to answer the question: What is known in the existing literature regarding the best ways to approach the biological rehabilitation of the cervical spine in adults with chronic WAD?

Step 2: identification and study selection {#s2b}
------------------------------------------

A structured literature search was conducted from the following academic databases until April 2017 (with no publication data limitations): MEDLINE, MEDLINE non-indexed, PsychINFO, EMBASE, CINAHL, Web of Science and Scopus. For grey literature, ProQUEST dissertations and theses, wire feeds and trade journals were also searched. These databases were searched for articles published between 2003 and April 2017. The systematic review by Conlin *et al* [@R16] included studies published until the year 2003, therefore the purpose of this review is to compile and review the literature published post Conlin *et al* 's review.

Step 3: select the studies for detailed analysis {#s2c}
------------------------------------------------

All articles that had titles that conformed to the inclusion criteria (listed below) were evaluated for relevance by two reviewers (CA and TT). The inclusion criteria for this narrative review was: (1) the study focused on people older than 19 years of age, defined as adults by WHO[@R27]; (2) the study focused on cervical spine treatment and intervention methods; (3) the study focused on rehabilitation postwhiplash with symptoms lasting longer than 3 months (chronic symptoms)[@R28] (4) the article was written in English and published after 2003, (5) the evaluation of the treatment effect must have included a measurable outcome. Citations were excluded from the review if they: (1) were case studies, non experimental or uncontrolled design[@R29]; (2) were not written in English. The definition of adult was inconsistent across the multiple databases therefore, the WHO definition of adult[@R27] was used to satisfy the overlap in age ranges found within the various databases. Symptoms lasting longer than 3 months are considered chronic.[@R7] For this reason, all included studies must have included symptoms lasting for longer than 3 months to be considered chronic, and thus to be included in the review. Abstracts were included to suit the broad and all-encompassing nature of narrative review methodology.

Step 4: data extraction {#s2d}
-----------------------

Consistent with the Arskey and O'Malley[@R17] recommendations, a 'descriptive-analytical' data extraction tool was developed by the primary author (CA) based on common variables across studies as well as 'process' information (eg, how were whiplash symptoms measured) to contextualise the outcome of the studies. All 14 selected articles were charted according to the domains outlined in the data extraction tool.

Step 5: collate and summarise the findings of the selected studies {#s2e}
------------------------------------------------------------------

All articles included in the review were charted according to the data extraction tool as outlined in step 4. These conceptual dimensions provide the basis for the discussion of results in the next section. Numerical analysis was used to document the distribution of studies according to: study design, population characteristics, study purpose and neck pain measurement.[@R17] Qualitative content analysis[@R30] was used to summarise cervical spine interventions for adults with chronic WAD, wherein codes were generated from the data through an iterative process.[@R31] Studies were coded by the first author for whiplash severity; study procedure (eg, measurement of symptoms, diagnosis, intervention, time since injury) and outcome(s) measured (eg, neck disability and functional outcome). No attempt was made to represent these data in other terms (ie, through extant theory, themes) but rather to describe regularities as they appear in the data.

Results {#s3}
=======

In total, 14 articles were included in the narrative review (see [figure 1](#F1){ref-type="fig"} for the article selection process). These studies can be grouped into treatment categories: exercise programme, alternative techniques (including osteopathic therapy and other alternative therapies) and invasive interventions.

![Narrative review article selection flow diagram.](bmjsem-2017-000299f01){#F1}

Treatment categories {#s3a}
--------------------

### Exercise intervention {#s3a1}

Seven randomised controlled trials (RCTs) evaluated the effect of an exercise programme targeted at the cervical spine to address WAD symptoms in participants reporting symptoms for longer than 3 months. In an RCT, Stewart *et al* [@R32] determined that exercise and advice (experimental group) produces better outcomes than advice alone (control group) for people who have sustained WAD beyond 3 months. Furthermore, the effect of exercise has greater benefit in people with high levels of pain and disability associated with WAD. However, these positive effects seen with exercise and advice compared with advice alone were small and only apparent in the short term (up to 6 weeks post-treatment, pain intensity p=0.005, pain bothersome p=0.003, patient-specific functional p=0.006), where no significant results were evident between the experimental and control groups on any of the included outcome measures at 12 months post-treatment. During the treatment period, 15% of participants in the exercise and advice groups and 23% in the advice group reported seeking additional treatment, such as massage therapy, further physiotherapy, chiropractic treatment, hydrotherapy and osteopathic treatment.

Similarly, in an RCT that included 170 participants, Michaeleff *et al* [@R23] concluded that a comprehensive exercise programme (including cervical spine strengthening, stretching and postural control exercises) did not provide statistically significant benefit over advice alone for the average reported pain intensity in the neck of patients with chronic WAD. A significant difference for self-reported recovery and functional ability was found for the exercise group at the conclusion of the study intervention. However, these results were not clinically significant, indicating that the differences found were not clinically meaningful.

Vikne *et al* [@R33] also investigated cervical spine exercise and proposed incorporating a ceiling-mounted sling to promote and enable cervical spine stabilising exercise. In this study, there was no benefit of adding a ceiling-mounted sling exercise programme (designed to promote neuromuscular control of the neck) to a traditional exercise programme prescribed by a physiotherapist.

In another RCT, Jull *et al* [@R34] discussed the effects of a supervised exercise and physiotherapy programme compared with a self-managing home exercise programme. Over a 10-week intervention, the multimodal physiotherapy (exercise, strength training of the cervical spine and stretching of the cervical spine) group attained significantly greater reduction in neck pain and disability than the self-managing group (p=0.04). In this study, neither the treating physiotherapists nor the patients were blinded.

Ludvigsson *et al* [@R35] preformed a study to evaluate the effects of a cervical spine exercise programme with or without a behavioural approach on pain disability in patients with chronic WAD. They concluded that a physiotherapy-led exercise programme for the cervical spine resulted in superior outcomes (p\<0.01) compared with a physical activity prescription (not supervised) in the WAD population after 3 months. Overall, neck-specific exercise interventions resulted in significantly greater changes in disability compared with the unsupervised group. It should be noted that compliance was lower in the unsupervised exercise group. Authors indicated that patients may have felt that this intervention was less direct and specific to their problem and have been less motivated.

In addition, a study by Treleaven *et al* [@R36] also investigated the effect of exercise with or without a behavioural approach for this population. The results found that all groups showed significant improvement in reported neck pain over the course of treatment. Simple contract analysis revealed significant improvements from baseline to 6 months (p\<0.001) and the 12-month (p=0.005) follow-up. No significant differences between the groups for supervised, unsupervised or exercise with behavioural approach was concluded.

Finally, an RCT by Ryan *et al* [@R24] investigated strength training of the cervical spine with cervical spine endurance training. The results indicate statistically significant and clinically meaningful reductions in pain intensity over time in both the strength training and endurance training groups, but the strength training group experienced significantly greater reductions in functional limitations.

### Conclusions regarding exercise interventions in chronic WAD {#s3a2}

Exercise programmes targeting the cervical spine (strength, endurance, flexibility, postural control) appear to be effective in reducing pain and disability from chronic WAD. Further research is needed to conclude the clinical significance of exercise interventions, specific exercise protocols, longevity of results and duration of treatment for exercise programmes in reducing symptoms for patients with chronic WAD. There was a high volume of RCT study designs employed in the literature assessing exercise interventions in chronic WAD, which suggests good methodological designs.

### Alternative interventions {#s3a3}

The effectiveness of alternative interventions on the cervical spine for patients with chronic WAD was assessed in four studies. These alternative interventions included osteopathic treatment, dry needling and acupuncture, as possible interventions for patients with chronic WAD.

In a clinical intervention study involving 42 participants, Schwerla *et al*,[@R25] conducted a study to evaluate the effects of osteopathic treatment on patients with chronic WAD. The osteopathic techniques included high velocity thrusts to the cervical spine, myofascial release, muscle energy practices, and indirect techniques such as balanced ligamentous tension and cranial techniques. A direct comparison between the untreated period and the treatment period revealed clinically relevant and statistically significant improvements in the osteopathic treatment period for the neck pain and disability outcome measurements. This study concluded that osteopathic treatments have a beneficial effect on the physical and mental components of WAD, and osteopathic treatment is a complimentary intervention for chronic WAD. It is important to note that because of the chosen study design (clinical intervention), the internal validity of the study is reduced and the results must be interpreted with caution. The results of the present study should be confirmed by RCTs.

Another study, which investigated the effects of dry needling for chronic WADs, was conducted by Sterling *et al*.[@R26] Dry needling is a technique where a needle is used to release myofascial trigger points. In this study the researchers compared dry needling and exercise with sham dry needling and exercise for a 6-week intervention. Dry needling and exercise produced statistically significant reductions in pain-related disability, and pain catastrophising at 6 months and 12 months follow-up, statistically significant reductions in post-traumatic stress symptoms at 6 months and small increases in pressure pain thresholds over the neck at 12 weeks. Aside from this latter measure, there was no difference between the interventions at short-term follow-ups conducted immediately after treatment and 12 weeks later. The data indicate that there was improvement in the primary outcome measures (approximate 10% decrease in average Neck Disability Index Score) from baseline to the immediate 6-week postintervention assessment. The study did not include an exercise only group, so results should be interpreted with caution and are not deemed clinically relevant.

Another similar study by Hyun *et al*,[@R37] investigated the effects of acupuncture three times per week (acupuncture points based on clinical assessment) for chronic WAD. This study found that a change in Visual Analogue Scale Scores in the acupuncture group was significant (−1.85 compared with −0.040 in the waiting-list group, 95% CI, p=0.001). No significant changes in secondary outcome measures, such as quality of life, were concluded. However, it was concluded that acupuncture treatment is associated with a significant alleviation of pain. It should be noted that the treatment period in this study was short (six treatments), and there was a lack of additional follow-up with participants after treatment termination. This may have resulted in only a partial assessment of the effect of acupuncture on patients with WAD. Diagnosis of WAD, and subsequent recovery reports from patients, were self-reported and there was no imaging involved.

### Conclusions regarding alternative interventions in chronic WAD {#s3a4}

Based on the results from studies investigating alternative treatments for chronic WAD, there is limited evidence that such treatments provide relief to this population. Further research, with more rigorous methods, and RCTs are needed to produce clinically relevant results.

### Invasive interventions {#s3a5}

Three studies investigated invasive techniques for the treatment of chronic WADs. A study by Nyostrom *et al* [@R38] explored treating patients suffering from WAD reporting cervical spine segmental pain through a fusion operation based on non-radiological segment localisation. At follow-up, 67% of the patients in the surgery group and 23% in the rehabilitation group demonstrated improvements in self-reported pain (p=0.0007). The researchers concluded that among patients with chronic neck pain postwhiplash, there are some in whom the neck pain emanates from a motion segment in the cervical spine, and may be suitable for fusion surgery.

Another invasive technique, botulinum toxin A, was investigated in an RCT by Padberg *et al*.[@R39] In this study, participants were randomly assigned to receive botulinum toxin A or a placebo (saline) injection in the cervical spine muscles presenting with increased tenderness. No significant difference (95% CI) was found between the group who received botulinum toxin A and the group that received saline injections.

Finally, a study by Lemming *et al* [@R40] investigated the effect of intravenous administration of morphine, lidocaine and ketamine and their relations to duration of chronic neck pain after whiplash trauma. The response to the pharmacological intervention did not show any relationship with pain duration.

### Conclusions regarding invasive interventions in chronic WAD {#s3a6}

Results from the three studies investigating invasive interventions for symptoms related to chronic WAD concluded the need for further research to determine clinically relevant results. Further research and studies that employ the use of random allocation to experimental and control groups are needed to produce clinically relevant results.

Discussion {#s4}
==========

The soft tissue and/or vertebrae of the cervical spine are damaged in a whiplash injury due to the acceleration and deceleration of the neck.[@R9] For this reason, interventions addressing the soft tissue and/or the vertebrae of the cervical spine target the specific structures at fault likely causing the symptoms associated with chronic WAD. Studies investigating treatments for chronic WADs are consistent in concluding that addressing the soft tissue and vertebrae of the cervical spine, including exercise, alternative treatment and invasive interventions, is beneficial. Specifically, the treatments involving exercise seem to have more consistent clinical effect and show statistical significance than other studied interventions.[@R23] Up to 87% of patients with WAD have some degree of cervical spine muscle spasm.[@R6] Specific and graded exercise targeting cervical spine muscles and postural control can help alleviate muscle spasm, thus contributing to decreased symptoms in patients with chronic WAD.

Research investigating alternative intervention techniques such as osteopathic treatment, acupuncture and dry needling, show benefit to patients with chronic WAD, but the results may not be clinically significant. Not all included studies in this review discussed the clinical significance of their results, and statistical significance cannot infer clinical significance. A calculation and discussion of clinical significance would contribute to this body of literature and the applicability of alternative interventions for the cervical spine post-WAD. Further studies, with improved methodological processes and RCTs must be published before clinical relevance can be deemed. Osteopathic treatment, acupuncture and dry needling pose very little risk or complications to a patient with WAD, and thus further research is required to support the use of these treatments as part of standard clinical care for adults with chronic WAD.

Recommendations for invasive techniques cannot be made based on the current literature. Findings from a study discussing the use of pharmaceutical interventions concluded there was no relationship with pain management, and thus further research was needed to contribute to clinical practice. Studies investigating cervical fusion suggested a relief in pain for patients with chronic WAD, however the study was of low quality (due to study design), and further research is needed to be conclusive. The need for high quality research, such as RCTs, and the inclusion of calculations required to determine clinical significance, is required for surgical and injection-based interventions to prove clinical relevance and benefit for chronic WAD, especially given the cost and risk associated with invasive procedures.[@R29] However, if less invasive interventions, such as exercise and complementary medicine produce clinically significant results, such interventions would be preferred due to risk, cost, administration and outcome.

A total of 14 studies was included in this narrative review, and although there are some statistically significant results, and results of clinical relevance (practical importance of a treatment effect), all studies concluded the need for further research to gain greater insight into cervical spine interventions for adults with chronic WAD.

Conclusion {#s5}
==========

In this review, all studies were RCTs, systematic reviews or clinical interventions. Exercise programmes focused on cervical spine strength and endurance appear to the most effective treatment technique for this population. However, the optimal type, protocol and duration of these programmes remain unknown. Further research is required to inform the implementation of these interventions into the standard clinical care for adults with chronic WAD. Literature contributing to cervical spine interventions for this population would be beneficial to reduce disability, improve quality of life and lessen the burden on our healthcare system.
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